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1 ENTERED AT 12:02:32 ON 20 JUL 1999) 
(TRIPLE OR TRIPLEX OR THREE) (S) (STRAND? OR HELIX) 
(TRIPLE OR TRIPLEX OR THREE) (P) (STRAND? OR HELIX) 
(PNA OR PEPTIDE NUCLEIC ACID) 
L2 AND L3 

L4 AND (DETEC? OR I SOLA? OR PURI?) 
OLIGO? AND L5 

(TRIPLE OR TRIPLEX OR THREE) (P) (STRAND? OR HELIX) /TI 



4259 S (TRIPLE OR TRIPLEX OR THREE) (P) (STRAND? OR HELIX) AND 
13 S {(TRIPLE OR TRIPLEX OR THREE) (P) (STRAND? OR HELIX) ) /TI 

(bWA 




w 




/ 

/ 

t 

{ 



=> s triple helix or triplex 

32367 TRIPLE 
21376 HELIX 

933 TRIPLE HELIX 

(TRIPLE (W) HELIX) 
1527 TRIPLEX 
LI 2073 TRIPLE HELIX OR TRIPLEX 

=> s 11 and quantitat? 

80067 QUANTITAT? 
L 2 72 4 LI AND QUANTITAT? 

=> s hybridiz? 

L3 17694 HYBRIDIZ? 

=> s 12 and 13 

L4 617 L2 AND L3 

=> s 1194a)12 

UNMATCHED RIGHT PARENTHESIS 'L194A)L2' 
=> s ll(4a)12 

-WARNING* - PROXIMITY OPERATOR PRECEDENCE LEVEL CONFLICTS OR IS NOT CONSI 
TENT WITH 

FIELD CODE - 'AND' OPERATOR ASSUMED ' L1(4A)L2' 
L5 724 L1{4A)L2 

=> s 11 (4a) quantitat? 

80067 QUANTITAT? 
L6 0 LI ( 4A) QUANTITAT? 

=> s quantitat? (4a) target 

800 67 QUANTITAT? 
126635 TARGET 
L 7 416 QUANTITAT? (4A J TARGET 

=> s 17 and (dna or rna or nucleic acid) 

33084 DNA 
19731 RNA 
23666 NUCLEIC 
467480 ACID 
18913 NUCLEIC ACID 

(NUCLEIC(W) ACID) 
L8 263 L7 AND (DNA OR RNA OR NUCLEIC ACID) 

=> s quantitat? (4a) (dna or rna or nucleoc acid) 



80067 QUANTITAT? 
33084 DNA 



19731 RNA 

1 NUCLEOC 
467480 ACID 

1 NUCLEOC ACID 

(NUCLEOC (W> ACID) 
L9 1208 QUANT I TAT? ( 4A) (DNA OR RNA OR NUCLEOC ACID) 

=> s quantitat? ( 4a) (dna or rna or nucleic acid#) 

80067 QUANTITAT? 
33084 DNA 
19731 RNA 
23666 NUCLEIC 
480112 ACID# 
23536 NUCLEIC ACID# 

(NUCLEIC (W) ACID# ) 



L10 1418 QUANTITAT? (4A) (DNA OR RNA OR NUCLEIC ACID#) 

=> s 110 and 11 

Lll 323 L10 AND LI 

=> d his 
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LI 2073 S TRIPLE HELIX OR TRIPLEX 

L2 724 S LI AND QUANTITAT? 

L3 17694 S HYBRIDIZ? 

L4 617 S L2 AND L3 

L5 724 S L1(4A)L2 

L6 OS LI (4A) QUANTITAT? 

L7 416 S QUANTITAT? (4A) TARGET 

L8 2 63 S L7 AND (DNA OR RNA OR NUCLEIC ACID) 

L9 1208 S QUANTITAT? (4A) (DNA OR RNA OR NUCLEOC ACID) 

L10 1418 S QUANTITAT? (4A) (DNA OR RNA OR NUCLEIC ACIDtf) 

Lll 323 S L10 AND LI 

=> s 111 and hybridiz? 

17694 HYBRIDIZ? 
L12 321 Lll AND HYBRIDIZ? 

=> s 112 and densitom? 

10134 DENSITOM? 
L13 21 L12 AND DENSITOM? 



=> d 113 1-21 
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18. 5,578,444, Nov. 26, 1996, Sequence-directed DNA-binding molecules 
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ENTERED AT 12:37:41 ON 20 SEP 1999) 
TRIPLE HELIX OR TRIPLEX 
LI AND QUANT I TAT? 
HYBRIDIZ? 
L2 AND L3 
LI (4A) L2 

LI (4A) QUANT I TAT? 
QUANT I TAT? ( 4A) TARGET 

L7 AND {DNA OR RNA OR NUCLEIC ACID) 

QUANT I TAT ? (4A) (DNA OR RNA OR NUCLEOC ACID) 

QUANT I TAT ? (4A) (DNA OR RNA OR NUCLEIC ACID#) 

L10 AND LI 

Lll AND HYBRIDIZ? 

L12 AND DENSITOM? 



=> d 113 15 ab 



US PAT NO: 
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ABSTRACT : 

The present invention encompasses improved methods and materials for the 
delivering of antisense, triplex, and/or ribozyme oligonucleotides 
int racellularly, and RNA polymerase Ill-based constructs termed 
"oligonucleotide generators" to accomplish the delivery of 
oligonucleotides. Also encompassed by the present invention are methods 
for screening oligonucleotide sequences that "are candidates for 
triplex formation. 

=> d 113 5 kwic 
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In . . .of oligonucleotide probes is used to specifically target 
genomic complementary base sequences in techniques such as Southern 
blotting, in situ hybridization and polymerase chain reaction 
(PCR) -based amplifications. However, in these processes information 
stored in an oligonucleotide is only generally used to. 

DRAWING DESC: 



FIG. . . . the plot of density versus VEGF.sub.165 concentration 
obtained from the blot shown in FIG. 2 as read on a Personal 
Densitometer 100 Minute Exposures. Density on the film is 

proportional to the amount of VEGF.sub.165 loaded. Thus the technique can 
be. 

DRAWING DESC: 



SUMMARY: 



BSUM(16) 



DRWD ( 4 ) 



DRWD ( 8 ) 



FIG. 7 depicts the quantitation of radiolabeled nucleic acid 
ligand as it correlates with the concentration of hCG in the blot assay. 

DETDESC: 

DETD { 2 ) 

This ... a polynucleotide that binds to the nucleic acid ligand 
through a mechanism which predominantly depends on Watson/Crick base 
pairing or triple helix binding, and wherein the nucleic acid 
ligand is not a nucleic acid having the known physiological function of 
being bound. 

DETDESC: 

DETD (50) 

Human . . . the membrane was wrapped in plastic wrap and exposed to 
film (BioMax; Kodak) for 10 minutes. After developing the film, 

densitometry was performed using a Personal Densitometer 
(Molecular Dynamics), according to the manufacturers directions. Data 

were fit to a one site binding hyperbola model using GraphPad Prism. 

DETDESC: 
DETD ( 51 ) 

Shown ... on the membrane. Such nonspecific binding is sometimes 
observed for antibodies as well. FIG. 3 shows the result of a 
densitometry scan of the film shown in FIG. 2. The shape of this 
curve was a typical saturation binding isotherm and. 

=> d 113 1-21 
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ABSTRACT : 

The present invention defines a DNA: protein-binding assay useful for 
screening libraries of synthetic or biological compounds for their 
ability to bind DNA test sequences. The assay is versatile in that any 



number of test sequences can be tested by placing the test sequence 
adjacent to a defined protein binding screening sequence. Binding of 
molecules to these test sequence changes the binding characteristics of 
the protein molecule to its cognate binding sequence. When such a 
molecule binds the test sequence the equilibrium of the DNA: protein 
complexes is disturbed, generating changes in the concentration of free 
DNA probe. Numerous exemplary target test sequences (SEQ ID NO:l to SEQ 
ID NO: 600) are set forth. The assay of the present invention is also 
useful to characterize the preferred binding sequences of any selected 
DNA-binding molecule. 

=> d his 



(FILE 'USPAT' ENTERED AT 12:37:41 ON 20 SEP 1999) 



LI 2073 S TRIPLE HELIX OR TRIPLEX 

L2 72 4 S LI AND QUANT I TAT? 

L3 17694 S HYBRIDIZ? 

L4 617 S L2 AND L3 

L5 724 S L1(4A)L2 

L6 OS LI { 4A) QUANTITAT? 

L7 416 S QUANTITAT? (4A) TARGET 

L8 2 63 S L7 AND (DNA OR RNA OR NUCLEIC ACID) 

L9 1208 S QUANTITAT? (4A) (DNA OR RNA OR NUCLEOC ACID) 

L10 1418 S QUANTITAT? (4A) (DNA OR RNA OR NUCLEIC ACID#) 

Lll 323 S L10 AND LI 

L12 321 S Lll AND HYBRIDIZ? 

L13 21 S L12 AND DENSITOM? 



=> s quantitat? (4a) (dna or rna or nucleic acid#) (4a) (densitom?) 

80067 QUANTITAT? 
33084 DNA 
19731 RNA 
23666 NUCLEIC 
480112 ACID# 
23536 NUCLEIC ACID# 

(NUCLEIC (W) ACID#) 
10134 DENSITOM? 

L14 17 QUANTITAT? (4A) (DNA OR RNA OR NUCLEIC ACID#) (4A) (DENSITOM?) 
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DETDESC: 

DETD ( 42 ) 

FIG. . . . IL-2 DNA segment as described above. The DNAs were exactly 
the same as described above. The efficacy of formation of factor-DNA 
complexes were quantitated by densi tome trie analysis of the 
autoradiogram. Complex formation in the absence of competitor DNAs was 
taken as 100%. 

=> d 114 15 kwic 
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DETDESC: 

DETD(366) 

(iv ) * • ■ analyzed by Northern hybridization and probing with the 
different mda genes or GAPDH (14,49,55). Radioautograms will be scanner 
using a densitometer to quantitate cellular RNA levels (55) . 
These studies will indicate if I FN- . beta . +MEZ can alter the ' stability, 
i.e., the half-life, of any of the mda. 

=> d 114 1-12 kwic 
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DETDESC: 

DETD (50) 

Quantitation ... by electrophoresis in 1.8% agarose gels. The gels 
were stained with ethidium bromide, visualized by ultraviolet (UV) light 
and photographed. DNA fragmentation was quantitated by 
dens i tome trie scanning of the pictures. 

US PAT NO: 5,871,958 [IMAGE AVAILABLE] L14: 2 of 17 

DETDESC: 

DETD (167) 

At • ■ ■ Probe fragment while unspliced (U) tat mRNA is predicted to 
rescue a 506 nt fragment. The relative level of unspliced RNA in each 
lane was quantitated by densitometry using an LKB soft laser 
scanner. The results, as visualized in FIG. 11B, are: Lane 2: 14% 
unspliced; Lane 3:. 

US PAT NO: 5 , 87 1 , 909 ' [ IMAGE AVAILABLE] L14: 3 of 17 

DRAWING DESC: 
DRWD ( 5 ) 

FIG. 4 is a bar graph of the rna blot hybridization results 
(quantitated by laser densitometry) of nine independent 
experiments involving five dermal fibroblast lines prepared from three 
individuals and three diploid human lung fibroblast lines.. 

DETDESC: 
DETD ( 45 ) 

Treatment ... as described above and three diploid human lung 
fibroblast lines (LL47, CCD-18Lu, and CCD-16LU) . RNA blot hybridizations 
(20 .mu.g total RNA/lane) were quantitated by laser 
densitometry and normalized to the control gene, cyclophilin, as 
described in Elder, J. T. et al . , J. Invest. Dermatol. 94:19-25 (1990) 
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US PAT NO: 
US PAT NO: 
DETDESC: 
DETD (20) 

Total . . . rRNA probe was hybridized to the filters and then removed 
by stringent washing in 1 . times . SSC, 0.1% SDS at 65. degree. C. RNA 
was quantitated using a densitometer; the amounts of keratin and 
actin RNA were standardized to the 18S rRNA. 



5,798,258 [IMAGE AVAILABLE] 
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US PAT NO: 
DETDESC: 
DETD (46) 

To . . membranes were exposed multiple times to Kodak XAR-5 film in 

order to obtain a range of hybridization signal intensities for 
semi -quantitative densitometric analysis. For each RNA 
sample, autoradiographic signals within the linear range of film 
sensitivity were digitized using an X-Ray Scanner Corp. model MSF300ZS 
laser. 

US PAT NO: 5,756,348 [IMAGE AVAILABLE] LI 4: 7 of 17 

DRAWING DESC: 
DRWD { 7 ) 

Total . . . the blot with a cDNA probe, designated plB15, against 
cyclophilin. Similar results were obtained by using a probe to 
. beta . -actin . Quantitation of the RNA blot was performed by 
densitometer scanning. 



5,753,437 [IMAGE AVAILABLE] 
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US PAT NO: 
DETDESC: 
DETD (70) 

(1) . . . 2, 1, 0.5 and 0.25xSSC, 0.1% SDS (w/v) , 1 mM EDTA at 
55. degree. C, and exposed to X-ray film. NM23 RNA levels can be 
quantitated by densitometry or other means. Other methods for 
determining NM23 RNA levels, such as slot blots, RNase protection or dot 
blots, may. 
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US PAT NO: 
DETDESC: 
DETD(125) 

RNA . . . (Amersham, Arlington Heights,' 111.). 32P-labeled probe was 
used at a final concentration of 1 to 2 . times . 10 . sup . 6 cpm/ml . 
Differences in p53 RNA abundance were quantitated by 
densitometry of exposed films (Fastscan computing densitometer, 
Molecular Dynamics, Sunnyvale, Calif.) after adjustment for 7S RNA. 



US PAT NO: 
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DETDESC: 



DETD ( 66 ) 



HUVECs . . . conditions then exposed to film. After removal of MMP-2 
probe, blots were rehybridized with .beta.-actin probe for quantitation 
of the RNA load. Results were quantitated by densitometric 
evaluation of the autoradiographs . 

US PAT NO: 5,726,014 [ IMAGE AVAILABLE] L14 : 11 of 17 

US PAT NO: 5,654,137 [IMAGE AVAILABLE] L14: 12 of 17 

DRAWING DESC: 
DRWD ( 5 ) 

FIG. 4 is a bar graph of the RNA blot hybridization results 
(quantitated by laser densitometry} of nine independent 

experiments Involving five dermal fibroblast lines prepared from three 
individuals and three diploid human lung fibroblast lines.. 

DETDESC: 

DETD (43) 

Treatment ... as described above and three diploid human lung 
fibroblast lines {LL47, CCD- 1 8Lu , and CCD-16Lu) . RNA blot hybridizations 
(20 .mu.g total RNA/lane) were quantitated by laser 
densitometry and normalized to the control gene, cyclophilin, as 
described in Elder, J. T. et al . , J. Invest. Dermatol. 94:19-25 (1990).. 



=> s dna (4a) quantitat? {densitom? ) 

MISSING OPERATOR ' QUANTITAT? ( DENSITOM? ' 

=> s dna (4a) quantitat? (4a) (densitom?) 

33084 DNA 
80067 QUANTITAT? 
10134 DENSITOM? 
LIS 2 . DNA (4A) QUANTITAT? (4A) (DENSITOM?) 

=> d 115 1-2 kwic 



US PAT NO: 5,906,976 [IMAGE AVAILABLE] LIS: 1 of 2 

DETDESC: 

DETD (50) 

Quantitation ... by electrophoresis in 1.8% agarose gels. The gels 
were stained with ethidium bromide, visualized by ultraviolet (UV) light 
and photographed. DNA fragmentation was quantitated by 
densitometric scanning of the pictures . 

US PAT NO: 5,157,115 [IMAGE AVAILABLE] L15 : 2 of 2 

DETDESC: 

DETD (42) 

FIG. . . . IL-2 DNA segment as described above. The DNAs were exactly 
the same as described above. The efficacy of formation of factor-DNA 



complexes were quantitated by densi tome trie analysis of the 
autoradiogram. Complex formation in the absence of competitor DNAs was 
taken as 100%. 
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C Analysis of various sequence-specific triplexes 
by electron and atomic force microscopies. 
Cherny, Dimitry I. (1); Fourcade, Alain; Svinarchuk, 

Nielsen, Peter E.; Malvy, Claude; Delain, Etienne 
(1) Lab. Microscopie Cellularie Molecularie, URA 147 f 

Inst. Gustave-Roussy, rue Camillie Desmoulin, F-94805 
Villejuif France 

Biophysical Journal , (Feb., 1998) Vol. 74, No. 2 PART 1, 

pp. 1015-1023. 

ISSN: 0006-3495. 
Article 
English 



AFM 



Sequence-specific interactions of 20-mer G, A-containing triple 
helix- forming oligonucleotides {TFOs) and bis-PNAs ( 
peptide nucleic acids) with double- 
stranded DNA was visualized by electron (EM) and atomic force 
(AFM) microscopies. Triplexes formed by biotinylated TFOs are 
easily detected by both EM and AFM in which streptavidin is a marker. AFM 
images of the unlabeled triplex within a long plasmid DNA show a 
apprx0.4-nm height increment of the double helix within the 
target site position. TFOs conjugated to a 74-nt-long oligonucleotide 
forming a 33-bp-long hairpin form extremely stable triplexes 
with the target site that are readily imaged by both EM and AFM as 
protruding DNA. The short duplex protrudes in a perpendicular 
direction relative to the double helix axis, either in the plane 
of the support or out of it. In the latter case, the apparent height of 
the protrusion is apprx 1.5 nm, when that of the triplex site is 
increased by 0.3-0.4 nm. Triplex formation by bis-PNA, 
in which two decamers of PNA are connected via a flexible 
linker, causes deformations of the double helix at the target 
site, which is readily detected as kinks by both EM and AFM. Moreover, 

shows that these kinks are often accompanied by an increase in the DNA 
apparent height of apprx 35%. This work shows the first direct 
visualization of sequence-specific interaction of TFOs and pNAs, 
with their target sequences within long plasmid DNAs, through the 
measurements of the apparent height of the DNA double helix by 
AFM. 
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Anal^is of various sequence-specific triplexes 
by elecbron and atomic force microscopies. 
Cherny, Dih^try I. (1); Fourcade, Alain; Svinarchuk, 

Nielsen, Peter E^s^Malvy, Claude; Delain, Etienne 
(1) Lab. Microscopie^v£ellularie Molecularie, URA 147, 



Inst. Gustave-Roussy, rue Camillie Desmoulin, F-94805 
Villejuif France 

SOURCE: Biophysical Journal, (Feb., 1998) Vol. 74, No. 2 PART 1, 

pp. 1015-1023. 
ISSN: 0006-3495. 
DOCtFMENT TYPE: Article 
LANGUAGE: English 

AB Sequ^erice-specif ic interactions of 20-mer G, A-containing triple 
helix-^gorming oligonucleotides (TFOs) and bis-FNAs ( 
peptide m*cleic acids) with double- 
stranded DNA was visualized by electron (EM) and atomic force 
(AFM) microscbpies . Triplexes formed by biotinylated TFOs are 
easily detected t^y both EM and AFM in which streptavidin is a marker. AFM 
images of the unlabeled triplex within a long plasmid DNA show a 
apprx0.4-nm height ihcrement of the double helix within the 
target site position. T>FOs conjugated to a 74-nt-long oligonucleotide 
forming a 33-bp-long hairpin form extremely stable triplexes 
with the target site that a > Ke readily imaged by both EM and AFM as 
protruding DNA. The short duplex protrudes in a perpendicular 
direction relative to the doublexhelix axis, either in the plane 
of the support or out of it. In ths latter case, the apparent height of 
the protrusion is apprx 1.5 nm, whenSthat of the triplex site is 
increased by 0.3-0.4 nm. Triplex formalsion by bis-PNA, 
in which two decamers of PNA are connected via a flexible 
linker, causes deformations of the double helix at the target 
site, which is readily detected as kinks by bc^th EM and AFM. Moreover, 



AFM 



shows that these kinks are often accompanied by >*n increase in the DNA 
apparent height of apprx 35%. This work shows the isirst direct 
visualization of sequence-specific interaction of TFtSs and PNAs, 
with their target sequences within long plasmid DNAs, Through the 
measurements of the apparent height of the DNA double hel^x by 
AFM. 
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Electron microscopy mapping of oligopurine tracts in 

DNA by peptide nucleic acid 

targeting. 

Demidov, Vadim V.; Cherny, Dmitry I.; Kurakin, Alexey V.; 
Yavnilovich, Michael V.; Malkov, Vladislav A.; 
Frank-Kamenetskii, Maxim D.; Sonnichsen, Soren H.; 
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Peter E. (1) 

(1) Cent. Biomol. Recognition, IMBG Dep. B, Panum Inst., 
Blegdamsvej 3c, DK-2200 Copenhagen N Denmark 
Nucleic Acids Research, (1994) Vol. 22, No. 24, pp. 
5218-5222. 
ISSN: 0305-1048. 
Article 
English 

Biotinylated homopyrimidine decamer peptide nucleic 
acids (PNAs) are shown to form sequence-specific and 

stable complexes with complementary oligopurine targets in linear double- 
stranded DNA. The noncovalent complexes are visualized by electron 
microscopy (EM) without chemical fixation using streptavidin as an EM 
marker. The triplex stoichiometry of the PNA- DNA 
complexes (two PNA molecules presumably binding by Watson-Crick 
and Hoogsteen pairing with one of the strands of the duplex DNA) 
is indicated by the appearance of two streptavidin. ' beads ' per target 

in some micrographs, and is also supported by the formation of two 
retardation bands in a gel shift assay. Quantitative analysis of the 



positions of the streptavidin 'beads* revealed that under optimized 
conditions pna-DNA complexes are preferably formed with the 
fully complementary target. An increase in either the pha 

concentration or the incubation time leads to binding at sites containing 
one or two mismatches. Our results demonstrate .that biotinylated 
PNAs can be used for EM mapping of short targets in 
duplex DNA. ' 
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BIOSIS COPYRIGHT 1999 BIOSIS 
1994:17430 BIOSIS 
PREV199497030430 
Peptide nucleic acid ( 
PNA) conformation and polymorphism in PNA 
-DNA and PNA-RNA hybrids. 
Almarsson, Orn; Bruice, Thomas C. 

Dep. Chem. , Univ. California Santa Barbara/ Santa Barbara, 
CA 93106 USA 

Proceedings of the National Academy of Sciences of the 
United States of America, (1993) Vol. 90, No. 20, pp. 
9542-9546. 
ISSN: 0027-8424. 
Article 
English 

Two hydrogen-bonding motifs have been proposed to account for the 
extraordinary stability of polyamide "peptide" nucleic 
acid (PNA) hybrids with nucleic acids. These 

interresidue- and intraresidue-hydrogen-bond motifs were investigated by 
molecular mechanics calculations. Energy-minimized structures of 
Watson-Crick base-paired decameric duplexes of PNA with A-, B-, 
and Z-DNA and A-RNA polymorphs indicate that the inherent stability of 

complementary PNA helical structures is derived from 

interresidue, rather than from intraresidue, hydrogen bonds in an hybrids 

studied. Intraresidue-hydrogen-bond lengths are consistently longer than 

interresidue hydrogen bonds. Helical strand stability with 

interresidue hydrogen bond stabilization follows the order: B- (DNA cntdot 

PNA) gt A- (DNA cntdot PNA) simeq A-RNA cntdot 

PNA gt Z- (DNA cntdot PNA) . In the triplex 

hybrids A- ( RNA cntdot PNA-2) and B- {DNA cntdot PNA-2), 

differences between stabilities of the two decamers of thyminyl 

PNA with lysine amide attached to the C terminus (pnaT)-lO 

strands are small. The Hoogsteen (pnaT)-lO 

strands are of slightly higher potential energy than are the 
Watson-Crick (pnaT)-lO strands. Antiparallel arrangement of 
PNAs in the triplex is slightly favored over the 

parallel arrangement based on the calculations. Examination by molecular 

mechanics of the PNA-DNA analogue of the NMR-derived structure 

for the B-double-stranded DNA dodecamer d (CGCAAATTTGCG) -2 in 

solution suggests that use of an bases of the genetic alphabet should be 

possible without loss of the specific interresidue-hydrogen-bonding 

pattern within the PNA strand. 
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TITLE: I Right-handed triplex formed between 

/ peptide nucleic acid 

/ PNA-T-8 and poly(dA) shown by linear and circular 

dichroism spectroscopy. 
AUTHOR(S): Kim, Seog K . ; Nielsen, Peter E. (1); Egholm, Michael; 

Buchardt, Ole; Berg, Rolf H . ; Norden, Bengt 
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DOCUMENT TYPE: Article 
LANGUAGE: English 

AB The binding of an eightmer of peptide nucleic 

acid, H-T-8-Lys-NH-2 (=FNA-T-8), to a polynucleotide, 

poly(dA), was studied by flow linear dichroism (LD) and circular 

dichroism 

(CD) spectroscopy. Whereas the single stranded DNA, due to its 
high flexibility, does not display any measurable LD signal when 
subjected 

to shear flow, the complex with PNA does. A titration shows that 

saturation occurs at a stoichiometry of two PNA thymine bases 

per DNA adenine base, indicating the formation of a triplex 

PNA- 2 -DNA complex. The persistence length of the adduct remains 

small up to relatively high stoichiometries (above 1:1 T : A) 

indicating that no significant amounts of PNA: DNA duplex are 

formed. Instead triplex stretches seem to form surrounded by 

flexible parts of single stranded poly(dA). Upon approaching the 

stoichiometry 2:1 of T : A the LD increases dramatically demonstrating that 

the stiffness of the PNA-DNA triplex arises from 

base-base contacts preventing bending of the chain. It is also inferred 

that the main stiffness of duplex DNA very probably has a similar origin 

and is not primarily a result of the increased phosphate-phosphate 

repulsion. Circular dichroism spectra support the conclusion that a 

triplex is formed as the only PNA-DNA complex and that 

it is a right-handed helix. The wavelength dependence of the 

reduced linear dichroism shows that the inclination of the bases from 

perpendicularity relative to the helix axis is small. 

The base conformation of the poly(dA) (PNA-T-8)-2 

triplex is very similar to that of the conventional poly(dA) 

(poly(dT))-2 triplex. 
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INVENTOR (S) : 
PATENT ASSIGNEE (S) : 
SOURCE : 
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LANGUAGE : 
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PATENT INFORMATION: 



Watson-Crick bond-forming oligonucleotides 
Naesby, Michael 

Boehringer Mannheim GmbH, Germany 

Eur. Pat. Appl., 28 pp. 

CODEN: EPXXDW 

Patent 

English 

1 



PATENT NO. 



KIND DATE 



APPLICATION NO. DATE 



A2 19990224 
CH, DE, DK, ES, 
LT, LV, FI, RO 

A2 19990518 



EP 98-115582 
FR, GB, GR, IT, LI, 



19980819 
LU, NL, SE, MC, 



EP 897991 

R: AT, BE, 
IE, SI, 

JP 11127876 A2 19990518 JP 98-235065 19980821 

PRIORITY APPLN. INFO. : EP 97-114512 19970822 

AB A method for the detn. of nucleic acids which is highly specific and 
simple comprises the formation of a triple stranded 

binding complex including two sep., different probe mols. and detecting 
the formation of the complex via the inclusion of one of the probes. The 
method can be used to differentiate between nucleic acids having a single 
base difference in sequence. The invention is based on the observation 
that the interaction of a target DNA with a short 
Hoogsteen-binding oligonucleotide can be stabilized by a longer 
Watson-Crick-binding oligonucleotide. Hybridization conditions can be 
arranged such that the Hoogsteen-binding oligonucleotide will only bind 

to 



the target in the presence of the Watson-Crick-binding oligonucleotide. 
Addnl., stabilization of the triplex structure depends on 
regions outside of the actual triplex region, i.e., a single 
mismatch in the duplex region destabilizes the triplex. The 
Watson-Crick-binding oligonucleotide may also be split into two probes 
which bind adjacent to each other. This enhances specificity and allows 
bases even further from the triplex- forming region to influence 
triplex formation. The Hoogsteen-binding oligonucleotide may be a 
peptide nucleic acid. 
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Molecular Dynamics Simulation of a PNA 
. cntdot . DNA. cntdot . PNA Triple 
Helix in Aqueous Solution 

Shields, George C; Laughton, Charles A.; Orozco, 
Modesto 

Departament de Bioquimica i Biologia Molecular 
Facultat de Quimica, Universitat de Barcelona, 
Barcelona, 08028, Spain 

J. Am. Chem. Soc. (1998), 120(24), 5895-5904 
CODEN: JACSAT; ISSN: 0002-78 63 
American Chemical Society 
Journal 
English 

Mol . dynamics simulations have been used to explore the conformational 
flexibility of a PNA. cntdot . DNA. cntdot . PNA 
triple helix in aq. soln. Three 1.05 ns trajectories 

starting from different but reasonable conformations have been generated 
and analyzed in detail. All three trajectories converge within about 300 
ps to produce stable and very similar conformational ensembles, which 
resemble the crystal structure conformation in many details. However, in 
contrast to the crystal structure, there is a tendency for the direct 
hydrogen-bonds obsd. between the amide hydrogens of the Hoogsteen-binding 
PNA strand and the phosphate oxygens of the DNA 

strand to be replaced by water-mediated hydrogen bonds, which also 

involve pyrimidine 02 atoms. This structural transition does not appear 

to weaken the triplex structure but alters groove widths and so 

may relate to the potential for recognition of such structures by other 

ligands (small mols . or proteins). Energetic anal, leads us to 

conclude that the reason that the hybrid pna/DNA triplex 

has quite different helical characteristics from the all -DNA 

triplex is not because the addnl. flexibility imparted by the 

replacement of sugar-phosphate by PNA backbones allows motions 

to improve base-stacking but rather that base-stacking interactions are 

very similar in both types of triplex and the driving force 

comes from weak but definite conformational preferences of the PNA 

s trands . 
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Molecular Models of Nucleic Acid Triple 
Helixes. II. PNA and 2* -5' Backbone 
Complexes 

Srinivasan, A. R. ; Olson, Wilma K. 

Department of Chemistry Wright-Rieman Laboratories, 

Rutgers The State University of New Jersey, 

Piscataway, NJ, 08854-8087, USA 

J. Am. Chem. Soc. (1998), 120(3), 492-508 

CODEN: JACSAT; ISSN: 0002-7863 

American Chemical Society 

Journal 

English 



^ AB We describe nucleic acid triple- helical structures contg. either 

amide or 2'-5' linkages, the former backbone describing the chem. of 
certain peptide nucleic acids (FNA 

) . The methodol. and the starting ref . frame are the same as those 
described in the preceding article. Apart from evaluating the possible 
combinations of chain conformations that connect adjacent bases on each 

of 

the three strands, we have examd. the feasibility of 

triplex formation when neighboring Watson-Crick+Hoogsteen 

hydrogen-bonded base triples are displaced by small 

amts. along their short and long axes. The predicted 

triple-helical complexes are examd. in terms of relevant 

crystallog., spectroscopic, and calorimetric data. The computed models 

clarify why FNA cannot form B-like structures and also reveal 
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Right-handed triplex formed between peptide nucleic acid PNA-T-8 
and poly(dA) shown by linear and circular dichroism spectroscopy. 

AUTHOR: Kim Seog K; Nielsen Peter E(a); Egholm Michael; Buchardt Ole; Berg 

Rolf H; Norden Bengt 
AUTHOR ADDRESS: (a)Dep. Bio.-hiii . B, -a* urn Inst., University Copenhagen, 

Blegdamsvej 3, DK-2.*w.' C->pvjnhu ;ei: Denmark 

JOURNAL: Journal of the American Chen^cal Society 115 ( 15) :p6477-6481 1993 
ISSN: 0002-7863 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE: English 

ABSTRACT: The binding of an eightmer of peptide nucleic acid , 

H-T-8-Lys-NH-2 (=PNA -T-8}, to a polynucleotide, poly(dA), was studied 
■ by flow linear dichroism (LD) -nd circular dichroism (CD) spectroscopy. 
Whereas the single stranded DMA, ri.:e to its high flexibility, does not 
display any measurable LH signal when subjected to shear flow, the 
complex with PNA does. A t.^rs* '.on shows that saturation occurs at a 
stoichiometry of two PNA thymine bases per DNA adenine base, indicating 
the formation of a triplex PNA -'--DNA complex. The persistence length 

of the adduct remains small up to relatively high stoichiometrics 
{above 1:1 T : A) indicating that n*:< significant amounts of PNA : DNA 
duplex are formed. Instead triple-: stretches seem to form surrounded by 
flexible parts of single stranded poly{dA) . Upon approaching the 
stoichiometry 2:1 of T:A tr-? LL increases dramatically demonstrating that 
the stiffness of the PNA -DNA triplex arises from base-base contacts 
preventing bending of the chain. It is also inferred that the main 
stiffness of duplex DNA very probably has a similar origin and is not 
primarily a result of the increased phosphate-phosphate repulsion. 
Circular dichroism spectra support the conclusion that a triplex is 
formed as the only PNA -DNA complex and that it is a right-handed helix 
. The wavelength depended e o*~ :he reduced linear dichroism shows that 
the inclination of the bases fiom perpendicularity relative to the helix 

axis is small . The base ■■• nfo "urion of the poly(dA) (PNA -T-8) -2 
triplex is very similar tc "he- A ;he conventional poly{dA) 
(poly{dT))-2 triplex . 
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04403077 Genuine Article#: TB35j Number of References: 21 
Title: INDUCED CHIRALITY IN PNA- PNA DUPLEXES 

Author (s) : WITTUNG P; ERIKSSON M; LYNG R; NIELSEN PE; NORDEN B 

Corporate Source: PANUM INST, DEPT BIOCHEM B, CTR BIOMOLEC 

RECOGNIT, BLEGDAMSVEJ 3C/DK-2200 COPENHAGEN N// DENMARK/ ; PANUM INST, DEPT 
BIOCHEM B, CTR BIOMOLEC RECOGNIT/DK-2200 COPENHAGEN N// DENMARK/ ; 
CHALMERS UNIV TECHNOL, DEPT PHYS CHEM/S-41296 GOTHENBURG/ /SWEDEN/ 

Journal: JOURNAL OF THE AMER] AN O-MMTCAL SOCIETY, 1995 , V117, N41 (OCT 18 ) 

, P10167-10173 

ISSN: 0002-7863 

Language: ENGLISH Document Type- ARTICLE 

Abstract: Complementary peptide nucleic acids (PNA ) form Watson-Crick 

base-paired helical dup"*exe;s. Ti'= oreferred helicity of such a duplex 
is determined by a c! '.ral amiiic acid attached to the C-terminus. We 
here show that tne induced helicity, as measured by circular 
dichroism (CD) , is drastically dependent on the nucleobase sequence 
proximal to the chiral center. Chemically linked PNA tetramer 
duplexes of all 16 combiiutions of the two bases proximal to a carboxy 
terminal lysine residue were studied by CD. We conclude that the base 



next to the chiral center must be either a guanine or a cytosine for 
efficient stabilization of one helical sense. In case of cytosine, the 
subsequent base should preferably be a purine. We also show that the 
side chain properties of the C-terminal amino acid influence the 
resulting sense of helicicy. The propagation length of induced 
chirality in PNA duplexes is found to be around 10 base pairs. 
Theoretical calculations of the circular dichroism for B-DNA, using the 
quantum mechanical matrix method if Schellman, give spectra in 
reasonable agreement with those found experimentally for PNA 
duplexes. The rate of helix conversion of the duplexes shows 
first-order kinetics with a rate zon^tant in the range of minutes. 
Shorter duplexes are found to have lower activation energy and larger 
negative activation entropy for helix conversion, in agreement with a 
conversion mechanism in whi.jn a perfect helix is switched to the 
opposite handedness. 
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Title: STRUCTURAL OPTIMIZATION OF NO** -NUCLEOTIDE LOOP REPLACEMENTS FOR 
DUPLEX AND TRIPLEX DNAS 

Author (s): RUMNEY S; KOOL ET 

Corporate Source: UNIV ROCHESTER, DEP1 CHEM/ ROCHESTER/ /NY/ 14 627 ; UNIV 

ROCHESTER, DEPT CHEM/ROCHESTER//NY/14 627 
Journal: JOURNAL OF THE AMERICAN CbZ IICAL SOCIETY, Laa5, V117, N21 ( MAY 3 1) 
, P5635-5646 
ISSN: 0002-7863 

Language: ENGLISH Document Type: ARTICLE 

Abstract: Described are studies systematically exploring structural effects 
in the use of ethylene glycol (EG) oligomers as non-nucleotide 
replacements for nucleotide loops in duplex and tripler DNAs . The new 
structurally optimized loop replacements are more stabilizing in 
duplexes and triplexes than previously described EG-based linkers. A 
series of compounds ranging in length from tris {ethylene glycol) to 
octakis (ethylene glycol) are der'vatized as monodimethoxytrityl ethers 
on one end and phosphorap Id.* zes o-i the other, to enable their 
incorporation into DNA stra: ds by. automated methods. These linker 
molecules span lengths * ■ : jing 1 ;m 13 to 31 Angstrom in extended 
conformation. They are icorporared into a series of duplex-forming and 
tripler-f orming sequence* ,■ a^d the stabilities of the corresponding 
helixes are measured by t. erma? denaturation . In the duplex series, 
results show that the optimum ii.. *:er is the one derived from 
heptakis (ethylene glycol,', wh; : - .i is longer than most previous loop 
replacements studied. This ail- rds a helix with greater thermal 
stability than one wi-h a natural T-4 loop. In the tripler series, the 
loop replacements were e:"»"iined : .n four separate situations, in which 
the loop lies in the 5' or 3 ' orientation and the central purine target 
strand is short or extend? beyond the loop. Results show that in 
all cases the loop derived from octakis (ethylene glycol) (EG(8)) gives 
the greatest stability. Tn the cases where the target strand is 
short , the EG ( 8 ) -linked prole strands bind with affinities in some 
cases greater than Mjo;-'s '< th a xritural pentanucleotide (T-5) loop. For 
the cases where the t; st:- — i ' extends beyond the linker, the 

EG(8)-linked strand is -j^ •• .* '.U-ed relative to an optimum 
T-5-bridged strand ant_ .." uilities with the EG-linked strands 

are much lower in the *V :c. r £ Mentation than in the 3' loop 
orientation It is found V t extension by one additional nucleotide in 
one of the binding doi. . \i in ti>- EG-linked series can result in 
considerably greater ft at- j vtie.. ith long target strands . Overall, 
the data show that cptur.-.-u ±oop ^ ,-plu'jements are longer than would be 
expected from simple distance analysis. The results are discussed in 
relation to expected lengths and geometries for double and triple 
helixes. The findings will be useful in the design of synthetically 
modified nucleic acids for use as diagnostic probes, as biochemical 
tools, and as potential therapeutic agents. 



4s/3,AB/4 (Item 3 from file: 34) 

DIALOG (R) File 34 : SciSearch (R) "Cited itef Sci 
(c) 1^99 Inst for Sci Info. All .rts. reserv. 

02644812\ Genuine Article!: LT673 -. Number of References: 28 
Title: RIGHT-HANDED TRIPLEX FORMED BETWEEN PEPTIDE NUCLEIC- ACID PNA 
-T(8) AND\POLY(DA) SHOWN. BY LINEAR AND CIRCULAR-DICHROISM SPECTROSCOPY 

Author (s) : KIM\SK; NIELSEN PE; EGHM.M M; BUCHARDT O; BERG RH; NORDEN B 
Corporate Source\ UNIV COPENHAGEN, PANJM INST, DEPT BIOCHEM B, BLEGDAMSVEJ 

3/DK-2200 COPENHAGEN//DENMA-K/; UNIV COPENHAGEN, PANUM INST, DEPT BIOCHEM 
B, BLEGDAMSVEJ 3XDK-2200 COPENHAGEN/ /DENMARK/ ; CHALMERS UNIV 
TECHNOL, DEPT PHYS\CHEM/S-4 1296 GOTHENBURG // SWEDEN / ; UNIV COPENHAGEN, HC 
ORSTED INST, DEPT ORGAN CHEM/DK-2100 COPENHAGEN/ /DENMARK/; RISO NATL 
LAB, DEPT MAT, POLYMEPNGRP/DK-4000 ROSKILDE/ /DENMARK/ 
Journal: JOURNAL OF THE AMERICAN CHEMICAL SOCIETY, 1993 , V115, N15 (JUL 28) 

, P6477-6481 * 

ISSN: 0002-7863 XV 
Language: ENGLISH Document Tyf&p ART" : T ,E 

Abstract: The binding of an eighH^t^of peptide nucleic acid , 

H-T8-Lys-NH2 (=PNA -T8), fa pN&snucleotide, poly{dA), was studied by 
flow linear dichroism (~!.D) anc c^cular dichroism (CD) spectroscopy. 
Whereas the single stranded clue to its high flexibility, does 

not display any measurable LD signaSL when subjected to shear flow, 
the complex with PNA does.. A t It ration shows that saturation occurs 
at a stoichiometry of t *'o :PNA thymine xBases per DNA adenine base, 
indicating the formation of a tr?plex PRA2-DNA complex. The 
persistence length of the abduct remains \mall up to relatively 
high stoichiometries (above 1:1 T:A) indicating that no significant 
amounts of PNA : DNA duple:-: are formed. Instead triplex stretches 
seem to form surrounded by flexible parts of sisngle stranded 
poly(dA). Upon approaching the. stoichiometry 2:r\of T:A the LD 
increases dramatically demons . rating that the stiffness of the PNA 
-DNA triplex arises from base-base contacts preventing bending of the 
chain. It is also inferred thj the main stiffness o\ duplex DNA very 
probably has a similar * \igin .irv) is not primarily a result of the 
increased phosphate-pho. pn te t ilsion. Circular dichrodsm spectra 
support the conclusion ' r A.^<. a L-xplex is formed as the o\ly PNA -DNA 
complex and that it is a n.ght -handed helix . The wavelength 
dependence of the reduced linear dichroism shows that the inclination 
of the bases from perpendicularity relative to the helix axis\is 
small . The base conformation oC the poly (dA) [PNA -T8]2 triplex \is 
very similar to that of the co -antional poly (dA) [poly (dT) ] 2 trip\ex . 
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The binding of an eightmer of peptide nucleic acid , H-T 
sub ( 8 ) -Lys-NH sub(2) {=PN\ -T sub(6;i. to a polynucleotide, poly(dA), was 
studied by flow linear dichroism (LD) and circulaXdichroism (CD) 
spectroscopy. Whereas the single st_randed DNA, due^^o its high 
flexibility, does not display any measurable LD signaS^when subjected to 
shear flow, the complex with PNA does. A titration shows^that saturation 
occurs at a stoichiometry of two PNA thymine bases per DNA\adenine base, 
indicating the formation of a triplex PNA sub (2) -DNA comple^ The 



persistence length of the adduct remains small up to relatively high 
stoichiometries J above 1:1 T:A) indicating that no significant amounts of 
PNA :DNA duplex ar^^formed. Instead triplex stretches seem to form 
surrounded by f lexible^parts of single stranded poly{dA) . Upon 
approaching the stoichiometry 2:1 of T:A the LD increases dramatically 
demonstrating that the stiffness of the PNA -DNA triplex arises from 
base-base contacts preventing bending of the chain. It is also inferred 
that the main stiffness of dupiexN^NA very probably has a similar origin 
and is not primarily a result of theNmcreased phosphate-phosphate 
repulsion. Circular dichroism spec t-:a. support the conclusion that a 
triplex is formed as the only PIA -PNA complex and that it is a 
right-handed helix . The wavelength J^pendenc^s^of the reduced linear 
dichroism shows that the inclination of the base^from perpendicularity 
relative to the helix axis i smt.il . The base corrlormation of the 
poly (dA) [PNA -T sub(8)] sub{2) triplex is very similar to that of the 
conventional poly (dA) [poly (dT) ] sufc(2) triplex . 
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Kim, Sedi K 

Nielsen, P\ter E; Egholm, Michael 

Journal of uiie American Chemical Society (J Am Chem Soc) v. 115 {July 28 
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ABSTRACT: The binding o\an e .j.n of peptide nucleic acid , 
H-T8-Lys-NH2 (=PNA -78), t\- ..olyi ' -otide, poly(dA), was studied by 
flow linear dichrcis:. {LP; cd -c> r dichroism (CD) spectroscopy. 

Whereas the single strai.. . l^JA. due tt, its high flexibility, does not 
display any measurable Li ivi-jna< her. subjected to shear flow, the 
complex with PNA does. A ti„^ t r ws that saturation occurs at a 

stoichiometry of two PNA th< *-;.:. ■ o>^s s per DNA adenine base, indicating 
the formation of a triplex i2-i_ i-.A \omplex . The persistence length of 
the adduct remains small up to rel-^vvely high stoichiometries (above 1:1 
T : A) indicating that no significant amouhis of PNA : DNA duplex are formed. 
Instead triplex stretchy j seem f. j f-Mm surrounded by flexible parts of 
single stranded poly(dA). Ur.on app. ^achingNihe stoichiometry 2:1 of T:A 
the LD increases dramatical-/ demonstrating that the stiffness of the PNA 
-DNA triplex arises from b.-se- jasf contacts preventing bending of the 
chain. It is also inferred that t-: n-.ain stiffness of duplex DNA very 
probably has a similar origir ar . ie not primarilySa result of the 
increased .phosphate-phosphate rei s on. Circular dr^hroism spectra support 
the conclusion that a triplex is : ted as the only PNA -DNA complex and 
that it is a right-handc-c J ^li:-. -ivelenqth dependlstnce of the reduced 

linear dichroism shows ' s i ' i. ion or the basesVrom 

perpendicularity relativj . ti.e'. ? \ *• ix a: is is small . ThV base 
conformation of the po ; ,:iA;{PNA }2 triplex is very similar to that 
of the conventional poly (dA) {poly ; } 2 triplex . Copyright ls993, 
American Chemicar^^ociety . X 
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Journal of the American Chemical Society v. 115 (July 28 '93) p. 6477-81 
DOCUMENT TYPE: Feature Article ISSN: 0002-7863 

ABSTRACT: The binding of an eightmer of peptide nucleic acid , 
H-T8-Lys-NH2 (=PNA -T8), to a polynucleotide, poly(dA), was studied by 
flow linear dichroism (LD) and circular dichroism (CD) spectroscopy. 
Whereas the single stranded DNA, due to its high flexibility, does not 
display a rrv measurable LD signal when subjected to shear flow, the 
complex witrNPNA does.' A titration s.hows that saturation occurs at a 
stoichiometry c>f two PNA thymine 'bases per DNA adenine base, indicating 
the formation of a. triplex PKA2-DNA complex. The persistence length of 
the adduct remains Small up to relatively high stoichiometries (above 1:1 
T:A) indicating that nta significant amounts of PNA : DNA duplex are formed. 
Instead triplex stretchers seem + .o form surrounded by flexible parts of 
single stranded poly (dA) /Njipon apy —oaching the stoichiometry 2:1 of T : A 
the LD increases dramatical l^N^utor.^^.'.ating that the stiffness of the PNA 
-DNA triplex arises from has^-^<se . Mitacts preventing bending of the 
chain. It is also irferre . thr tK2 i^in stiffness of duplex DNA very 
probably has a similr* ori :i and i^sot primarily a result of the 
increased phosphate-phospi. ..te puisionv Circular dichroism spectra 
support the conclusion that a triplex is^^formed as the only PNA -DNA 
complex and that it is a right-handed he.Lix^v The wavelength dependence 
of the reduced linear dichroism shows that theXlnclination of the bases 
from perpendicularity relative to the helix axi\is small . The base 
conformation of the poly (dA) [PNA -^3] 2 triplex isN^ery similar to that 
of the conventional poly (dA) Ipoly (dT) ] 2 triplex . Copyright 1993, 
American Chemical Society. . \^ 
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The binding of an eighlmer o£ peptide nucleic acid , H-T- SUB 8 
-Lys-NH SUB 2 {=PNA -T SUB 8 ), t - ' \<aynucleotide, poly(dA) , was studied 
by flow linear dichroism ;LD} e* i «_>rcular dichroism (CD) spectroscopy. 
Whereas the single stranded DKA, due t^s^its high flexibility, does not 
display any measurable LP signal when^subjected to shear flow, the 
complex with DNA does. A titration shows\that saturation occurs at a 
stoichiometry of two DNA thymine x ases per DNA ade*^ine base, indicating the 
formation of a triplex FMT. S' -DNA complex. The persistence length 

of the adduct remains small . to relatively high stoichiometrics (above 
1:1 T : A) indicating that - ":igr .i cant amounts of PNA^DNA duplex are 
formed • - • 



4/3,AB/9 (Item 1 from r ile. 370/ 

DIALOG (R) File 370: Science 
(c) 1999 AAAS. All rts. re? rv. 

00500700 

Parallel and Antiparallel (C (nr d- >t) GC).inf(2) Triple Helix 
Fragments in a Crystal Struct'- 

Vlieghe, Dominique; Van Meervei I; , .uc; Dautant, Alain; Gallois, Bernard; 

Precigoux, Gilles; Kennard, Olgi 
D. Vlieghe and L. Van Meervelt, Department of Chemistry, Katholieke 

Universiteit Leuven, Celesti jnenlaan 200F, B-3001 Heverlee, Belgium. ; A. 

Dautant, B. Gallois, G. Pr<--cigoux, Unite de Biophysique Structurale, EP 

CNRS, Universite de Bordeaux II, 33405 Talence, France. ; 0. Kennard, 



Cambridge Crystallocjraphic Data Centre, 12 Union Road, Cambridge CB2 1EZ, 
UK. 

Science Vol. 273 5282 pp. 1702 : 

Publication Date: 9-20-1996 (960920) Publication Year: 1996 

Document Type: Journal ISSN: 0036-8075 

Language: English 

Section Heading: Reports 

Word Count: 2516 ' 11 

Abstract: Nucleic acid triplexes are formed by sequence-specific 
interactions between single-strandad polynucleotides and the double 
helix . These triplexes are implicated in genetic recombination in vivo and 
have application to areas that include genome analysis and antigene 
therapy. Despite the importance . " the triple helix , only limited 
high-resolution structural inf o:.. ■-. tion is available. The x-ray crystal 
structure of the olicor.v.cleot ' -V ■'^GCCAATTG^ ) is described; it was 
designed to contain J \ J(- * c) rci.ini(2) fragment and thus provide 

the basic repeat uni* of ■ - c <:.e .ielix . Parameters derived from 
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ABSTRACT: Despite wide 'ntties! 
been no stereochemical!./ sat 
helix in atomic let ail. n . 
proposed based fiber '"fi 
P. J. Bond (1973) Nature e* 
J. Bond, E. Seising, and 



i-n -le: izid triple helices, there has 
r'ac 4 -- ry ;i' : f ui'e of an RNA triple 

;i»* ax s 4 .uc ure has previously been 
ict i.nd rr-'lecular modeling (S. Arnott and 
Jic ,gy, Vol. 2-54, pp. 99-101; S. Arnott, P. 
J. C. Smith (1976) Nucleic Acids Research, 
Vol. 3, pp. 2459-2470), but it has nonallowed close contacts at every 
triplet and is therefore not stereochemically acceptable. We propose here 
a new model for an RNA triple helix in which the three chains have 
identical backbone conformations and are symmetry related. There are no 
short contacts. The modeling employs a novel geometrical approach using 
the linked atom least squares '.P. J. C. Smith and S. Arnott (1978) Acta 
Crystallographica, Vol. ~F • 3-11) program and is not based on energy 

minimization. In general, tY ? rt'ithod leads to a range of possible 

ue - .iCLure. In the present case, however, 
m i n; roduction of a third strand limit 
a range of conformation space. 
b< .In model for DNA triple 
ii ( .d- '. .Sasisekharan (1993) 

,-4 '/ t lbbt: ju.rMy confirmed by fiber-type 
- .Jt ais (K. Liu, H. T. Miles, K. D. 

'ure Structural Biology, Vol. 1, pp. 
h..v/e Watson-Crick-Hoogsteen (K. 



structures rather than a ' 
the constraints resultant, f 
the possible strut: 7 ' ar^s 
This method was used ; r 
helices (G. Raghun. .a. . 
Biochemistry, Vol . jl ; . 
x-ray dif f ractici of ^ *jo.* 
Parris, and V. Sasisekha ra*. 
11-12). The above triple ael^ce 



Hoogsteen (1963) Acta Crystallographica, Vol. 16, pp. 907-916) pairing of 
the three bases. The same modeling method was used to investigate the 
feasibility of three-dimensional structures based on the three possible 
alternative hydrogen-bonding schemes: Watson-Crick-reverse Hoogsteen, 
Donohue (J. Donohue (1953) Proceedings of the National Academy of Science 
USA, Vol. 39, pp. 470-475) .( rf ver Watson-Crick) -Hoogsteen, and 
Donohue-reverse Hoogsteen. We. fou-M that none of these can occur in 
either RNA or DNA helic* -■ 'ai ,. -se they give rise only to structures 



with prohibitively sho.t 
same chain. 



j. et .veen backbone and base atoms in the 
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ABSTRACT: The kinetic*. A ■ -". 

oligonucleotide dtCT^^JC . . 'i ' 1 
homopyrimidine (R cm dot ) ' jle. 
d ( TG AAAAAGAAAGGAAGAAGAA/ .;G'.. (D) 
absorbance decay measured iti , in 
10 mM MgCl-2. The decjy c ve: wer 



formation by the pyrimidine 
/ (TFO) and the homopurine cntdot 
whoo-e purine strand is 
wa:- studied using ultraviolet 
;0 mM Tris/acetate, pH 6, 50 mM NaCI, 
obtained by a static method, 



measuring as a function of Liir. -* t^e hypochromicity at 270 nm produced by 
D and TFO after mixing under conditions favorable for triplex formation. 
This approach allowed direct measurement of triplex formation as it 
proceeded. The kinetic experiments were carried out at temperatures below 
the t-m of the triplex, i.e. at 17 - 33 degree C, and at two different 
D:TFO ratios, 1:1 and 1:10. When D and TFO were mixed in equimolar 

; oT triplex formation were 
-1 / • ' rf 150-390 s. By contrast, when 

*.) cntdot 1-1) over D {1.4 
: wt .e fajter and the t-1/2 decreased •<* 
have been used to describe the 



amounts, 1.7 mu-M each, the 
characterized by half-d a cay ' 
TFO was in tenfold xc c ^ 
(mu-mol D) cntd . I - 1 nh. 
to 19-26 s. Diffe-en. iv^e 
kinetics of triplex fotn -..t ;>•.--. u 
sets of experiments provide* sev 



s, 

u-- 

•:i 

' oi. 



.ervthese two different conditions. Both 
..idTorder rate constants, k-1, of 
approximately 10-31 cntdc: imcl lc.i)-l cntdot s-1 which showed a slight 
decrease with temperature. . ae r.it*.. of triplex formation appeared to be 
about three orders of magi. 'tL.de wer than the rate of duplex 
recombination, whose ia + e oi dta Lr- in the order of 10-61 cntdot {mol 
oligomer)-l cntdot s-1 {Craiy,-M. Crother, D. M. & Doty, P. (1971) J. 

Mol. Biol. 62, 383-401; Porschke, D. & Eigen, M. (1971) J. Mol, Biol. 62, 
361-381; Nelson, J. W. & Tinoco, I. Jr (1982) Biochemistry 21, 
5289-5295) . The apparent activation energy associated with the rate 
constants of triplex formation was small and negative (E-l = -26 +- 15 
kJ/mol) . The first-order rate coi<si ants of triplex dissociation, k-1, 



strongly depended on temper 
degree C) to 10-5 s-1 •_- 
energy that was 1: 
triplex formatioj /tff 
strength (I) of the i- 
resulted in a sixfold d^L J 
times 10-3 to 0.36 times" 
degree C. The results pi- 
kinetic data of triplex 
obtained by different m_ i 
REGISTRY NUMBERS: 254-&2- . .K 



ct 



were- in the range 10-7 s-1 (at 20 

with an apparent activation 
; 1.-; 355 +- 33 kJ/mol) . The rate of 
s. :i 'cunt dependence on the ionic 
:.kn. r i decrease of I from 130 M to 57 M 
of- t .e association constant, from 2.16 
ot (mol TF0)-1 cntdot s-1, at 22.5 
this study are compared with the 
i: ec -titly reported in other studies and 



DESCRIPTORS: 

MAJOR CONCEPTS: Biochemistry and Molecular Biophysics 
CHEMICALS & BIOCHEMICALS: HOMOPURINE 

MISCELLANEOUS TERMS: ACTIVATION ENERGY; ASSOCIATION CONSTANT; DUPLEX 
RECOMBINATION; HOMOPURINE; HOMOPYRIMIDINE; STABILITY 
CONCEPT CODES: 

10062 Biochemicpl S 'idi r i-Ku " Aci-^s, Purines and Pyrimidines 
10506 Biophysic. c ' r.P j- ie ind Macromolecules 



